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Gas discharge tube 
The present invention concerns the field of gas discharge tubes including surge 
arresters, high-intensity discharge tubes, spark gaps and triggered spark gaps, used in various 
applications, such as surge voltage protectors for communications networks and in particular 
5 to a new type-of such deviees*which exhibit higher^selectivity, better performance and are 
more environmentally friendly. 

Background of the invention 

When electronic equipment is connected to long signal or power lines, antenna 
10 etc, it is exposed to transients generated by induction, caused by lightning or electromagnetic 
pulses (EMP). A surge arrester protects the equipment from damage by absorbing the energy 
in the transient or by connecting it to ground. Surge arresters are required to be self- 
recovering^able^tothandle repetitiMe^fransiente ^dj^in be madefaiUsafe^An important 
property is the speed and selectivity of ignition, in other words v 4he surge arrester must 
1 5 function without delay and still not be so sensitive r that it is triggered by a normal 

communications signal. These properties should remain unchanged over-.time andvirrespective 
of the ignition intervals. Further r a surge arrester should be suitable for mass- production with 

high and uniform quality. 

Gas-filled discharge tubes-are used for protecting electronicequipment but are 
20 also frequently used as switching devices in power switching circuits, e.g. in automotive 

products such as gas-discharge headlights. Other application areas are tele- and data 
| communications, audio/video equipment, power supplies, industrial, medical devices, security 

and military applications. 

Early surge arresters comprised two solid graphite electrodes, separated by an 
25 air-gap or a layer of mica. These are, however, not comparable to the modem surge arresters 
with respect to size, reliability, performance and production technology. 

A modern conventional surge arrester is the gas filled discharge tube, which 
: may have one or several discharge paths or discharge gap and usually comprises two end 
~ elecn^desplus optionally^^dditi^ 

" :30 or two hollow cylindrical insulators, made of an electrically insulating material, such as a 

ceramic, a suitable polymer, glass or the like. As a rule, the insulator in a two-electrode surge 
arrester is soldered to the end electrodes at two sides, joining them vacuum tight. 

One method of producing a conventional surge arrester is outlined, for example, 
in US 4,437,845. According to US 4,437,845, the manufacturing process consists of sealing at 
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a suitable temperature the components of the tube at substantially atmospheric pressure in a 
light gas mixed with another gas which, in view of the intended function of the tube, is 
desirable and heavier than the first-mentioned gas, and reducing the pressure exteriorally of 
the tube below atmospheric pressure, while simultaneously lowering the temperature to such 
5 extent that the heavy gas can only to an insignificant degree penetrate the tube walls through 
diffusion and/or effusion, and the enclosed light gas can diffuse and/or be effused through the 
walls such that, as a result of the pressure difference, it will exit through the walls of the tube, 
thus causing a reduction in the total gas pressure inside the tube. 

Further, an outside coating of the surge arrester components has been disclosed 

10 in US 5 103 135, wherein a tin coating is applied to the electrodes, and an annular protective 
coating is applied to the ceramic insulator having a thickness of at least 1 mm. This protective 
coating is formed from an acid-resistant and heat-resistant colorant or varnish which is 
continuous in the axial direction of the surge arrester. The protective coating may form part of 
the identification of the surge arrester. For example, the identification may be in the form of a 

15 reverse imprint in the protective coating. In addition, tin-coated leads can be coupled to the 
electrodes. 

The previously mentioned problems of sensitivity and recovery have been 
addressed by the use of an electron donor on the electrode surfaces or elsewhere. This 
electron donor can comprise radioactive elements, such as tritium and/or toxic alkali metals, 
20 such as barium. It is obvious, that this solution has specific drawbacks associated inter alia 
with the radioactivity and/or toxicity of the components. 

The object of the invention 

The object of the present invention is to make available gas discharge tubes for 
25 all relevant areas of application, said gas discharge tubes exhibiting higher selectivity, better 
performance (e.g. higher heat-resistance and longer life-cycle time), and being free of 
radioactive or otherwise environmentally harmful compounds. 

This object is achieved by preventing the build-up of any layers, such as oxide 
or hydride layers on the electrode surface, in particular on the opposite surfaces ofthe end 
30 electrodes. It is assumed that the formation of oxides on the surface of the metal electrodes 
influences the onset voltage of a discharge. Regardless of the high vacuum in the discharge 
chamber, a residue of oxygen and other elements always remains. By preventing layer- 
formation or oxidation of the electrode surfaces, the discharge tube will repeatedly function at 
the same voltage or at least within a more narrow interval. 
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Short description of the drawings 

The invention will be described in closer detail below, with reference to the 
drawings, in which 

Fig. 1 shows a cross section of a typical gas discharge tube with two electrodes, 

5 and ■* 

Fig. 2 shows a cross section of a gas discharge-tube with multiple electrodes. 

Detailed description of the invention 

A generic gas discharge tube comprises at least two electrodes, joined to a 
10 hollow insulator body. One frequently encountered type of gas discharge tubes such as 

illustrated in fig. 1 comprises two end electrodes 1 and 2, each electrode including a flange- 
like base part and at least one hollow cylindrical insulator 3, soldered to the base part of at 
least one of the end electrodes: The inventive coating or element, resistant to the build-up of 
layers, is illustrated as the screened area 4 on both electrodes. Regardless of the type of gas 
1 5 discharge tube^it is importanfcthat at least the cathode has the^inventive layer or is of the 

inventive material or construction^ which is described below. It is however preferred that all 
electrodes have4his layer- or construction; as the polarity of the transient can vary. 

The multiple electrode tube illustrated in fig. 2 comprises, in addition to the 
elements described above, also a center electrode 5. The inventive coating or element is also 
20 here illustrated as a screened area 4, appearing on all electrodes. 

It is preferred, that at least part of the opposite surfaces of said end electrodes 
are covered with a layer or coating of a compound or element, resistant to the build-up of 
layers, such as oxide layers. Other unwanted layers, the formation of which the inventive 
concept aims to prevent, are for example hydrides. In general, the expression "un-wanted 
25 layers" comprises any layers formed on the electrodes through interaction with surrounding 
compounds, such as gases contained in the gas discharge tube and which layers influence the 
performance of the tube. 

This compound, which forms the inventive layer and is resistant to the build-up 
: of un-wanted~layers, canl)^ hifpily^t^ such as titanium, or a 

30 practically inert element, such as gold. The compound can be a carbonaceous compound, 
preferably carbon with an addition of a metal, such as chromium or titanium. 

In this context, carbon is defined as any polymorph of carbon, for example 
diamond, diamond-like carbon or graphite. The carbon may also contain other elements, such 
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as one or several metals in amounts depending on the application, for example amounts up to 
about 15%. 

Preferably, the opposite surfaces of said end electrodes are covered with a 
coating or layer of graphite, said layer comprising an addition of metal, such as chromium or 
5 titanium. 

According to one embodiment of the invention, the inert surface or oxidation 
resistant coating or layer is applied to the electrodes by chemical plating, sputtering or the 
like. Preferably, the oxidation resistant layer is applied by conventional sputtering or plasma 
deposition techniques, well known to a person skilled in the art. 

10 The processes, applicable according to the invention include chemical vapour 

deposition (CVD), physical vapour deposition (PVD) were a coating is deposited onto a 
substrate. Sputtering, which is a physical deposition process, is presently held to be the best 
applicable. In a sputtering process, material is sputtered by bombarding a cathode with high- 
energetic ions, usually argon ions. When the ions hit the target material, the cathode, atoms 

15 will sputter away and deposit onto the substrate. This process generally requires high vacuum 
or at least low vacuum during the sputtering process. The substrate can be cleaned 
conveniently by running the process in reverse, by installing the substrate as cathode and 
bombarding the same. It is possible to influence the composition of the deposited layer by 
varying the composition of the gas phase. In an application, where the deposition of a 

20 carboneaceous material is desired, a gaseous hydrocarbon such as methane, can be used. A 
graphite cathode can also be used as a source of carbon. Using methane together with 
chromium cathodes, for example, will result in a reactive sputtering process, leading to the 
deposition of a graphite layer with an addition of chromium. The typical deposition rate is 
about 1 ixm/h or less. Normal sputtering times are in the interval of about 4 to 8 hours. 
25 Depending on the desired thickness of the layer, longer or shorter times can be used. By 

varying the cathode material and the composition of the gas phase, different coatings can be 
made. 

It is also possible, in the case of metallic coatings, to use electroplating 
procedures or so called electroless plating. These procedures are especially suitable for 
30 applying coatings consisting of precious metals, such as gold or platinum. 

According to one embodiment of the invention, the surfaces of the electrodes are 
only partially coated, e.g. on a small area in the direction of the opposite electrode. 

As an alternative embodiment of the invention, a part of the electrode is made of 
the inert material, for example a carbonaceous body, fastened, for example sandwiched or 
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sintered to a metallic base part of the electrode. It is conceived that the electrode can be 
manufactured as a metallic base, for example a copper or aluminium base, capped with or 
encasing a graphite body presenting at least one surface in the direction of the at least one 
opposing electrode.. 

5 Surge arresters with electrode surfaces according»to the presenteinvention exhibit 

lower arc voltages and a more narrow distribution of the-static ignition voltage than present 
devices. Further, the present invention offers a solution, which is easy to implement in 
existing surge arrester designs, and which is suitable for mass production. Additionally, the 
solution according to the present invention does not have any negative influence on the 

10 environment or require special waste handling procedures, in contrast to presently used surge 
arresters containing radioactive gas, such as tritium and/or toxic compounds, such barium 
salts. 

The invention will be«ustrated*by a nonslimiting pjroducti©n*example 5 which 
describes the production, of a surge arrester according to one embodiment^ the,invention. 



15 



Productionrexample 

A surge„arrester was. produced by subjeeting-a batch of coppewelectrodes to the 
following treatment steps: first, the electrodes were rinsed in a solvent, removing loose 
contamination and traces of grease or fat. The electrodes were then placed in a-mask, 

20 exposing the area to be coated. A set of electrodes, cleaned and placed in a mask, were then 
introduced in a sputtering chamber, which was evacuated. The electrodes were then subjected 
to cleaning by reverse sputtering, removing impurities from the electrodes. The current was 
then reversed and methane led into the chamber. By supplying chromium in the form of 
chromium cathodes, a process of reactive sputtering was performed. The electrodes received a 

25 layer of graphite with an addition of chromium atoms locking the graphite layers. Finally, the 
sputtering process was terminated and the coated electrodes removed from the chamber and 

subjected to normal quality control. 

The coated-electrodes exhibited improved-qualities; such asvhigher heat- 

reslstancZ^gTarre^lr^ 

30 qualities, such as lower arc-voltage, more narrow distribution of ignition voltages, and 
improved speed and selectivity, and longer life-cycle time. 

Although the invention has been described with regard to its preferred 
embodiments, which constitute the best mode presently known to the inventors, it should be 
understood that various changes and modifications as would be obvious to one having the 
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is set forth in the claims appended hereto. 
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Claims 

1 . Gas discharge tube comprising at least two electrodes and at least one hollow 
insulator fastened to at least one of the electrodes, characterized in that said at least two 

5 electrodes have a chemically inert surface. 

2. Gas discharge tube according to claim 1, characterized in that at least one 
surface of said electrodes is/are covered with a coating of a compound, resistant to the build- 
up of layers, such as oxide layers. 

3. Gas discharge tube according to claim 2, characterized in that said coating 

10 comprises carbon. 

4. Gas discharge tube according to claim 3, characterized in that said coating 

comprises graphite. 

5. Gas discharge tube according to claim 1, characterized in that at least one 

electrode comprises an element, resistant to the build-up of layers, such as oxide layers. 

6. Gas discharge tube according to claim 5, characterized in that the at least 
of saidelements is/are a graphite element, fitted to the electrode. 

7. Gas discharge tube according to claim 1, characterized in that at least one of 
the electrodes is made of a material resistant to the build-up of layers, suctras oxide layers. 

8. Method for the manufacture of ga*discharge tubes comprising at least two 
electrodes, and at least one hollow insulator fastened to the electrodes, characterized in that 
at least one surface of each of said electrodes is given a chemically inert coating, such as a 

coating of graphite. 

9. Method for the manufacture of gas discharge tubes comprising at least two 
electrodes, and at least one hollow insulator fastened to the electrodes, characterized in that 

25 at least one of said electrodes is made of material resistant to the build-up of layers, such as 
oxide layers. 
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Abstract 

A new gas discharge tube with end electrodes having chemically inert surfaces 
is disclosed. As the surfaces are resistant to the build-up of layers, such as oxide layers, a 
discharge tube according to the invention exhibits higher selectivity and better performance 
(e.g. higher heat-resistance and longer life-cycle time) than prior art devices, simultaneously 
as it offers an environmentally friendly solution. 
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